Theoretical consideration of olfactory axon projection with an activity-dependent neural network model.
Olfactory sensory neurons (OSNs) that express a given odorant receptor (OR) target their axons onto a few specific glomeruli in the olfactory bulb. Although the odorant receptor plays an indispensable role in olfactory axon targeting, the mechanisms underlying this guidance are largely unknown. In particular, there is much controversy regarding the involvement of activity-dependent mechanism in the targeting process. In this study, we developed an activity-dependent self-organization model of the glomerular layer in the olfactory bulb and simulated the targeting of olfactory axons onto the layer. Our model successfully constructed discrete glomeruli that received olfactory axons expressing a common odorant receptor through odorant-evoked neural activities. Furthermore, our model explained the perplexing experimental results that have been reported in olfactory axon targeting. For example, dispersion of olfactory axons in knockout mice for the odorant receptor gene was reasonably reproduced in the simulation. The segregated projection of the axons that express the same odorant receptor transcribed from the different alleles was also successfully simulated if the genetically modified allele was assumed to express a smaller amount of the receptor protein. The activity-dependent model even explained the inconsistent effects of disruption of the activity-evoking ion channel on axons expressing different odorant receptors, although some of these results were regarded as evidence for activity-independency of the olfactory targeting. Taken together, the activity-dependent targeting of olfactory axons seems to be a simple probable mechanism that can provide a unified explanation of glomerular formation.